Introduction
All digraphs considered in this paper are finite, without loops and multiple arcs. For notation and terminology not defined here, we generally follow [1] . For a digraph D, we denote the vertex set of D and the arc set of D by V (D) and A(D), respectively. We say that u is an in-neighbor of v and v is an out-neighbor of u if uv is an arc of D. 
For a function
The study of signed 2-independence number of undirected graphs was initiated by Zelink [4] and continued in [2] and elsewhere. Recently, Volkmann [3] In this paper, we improve upper bounds on α s 2 (D) given by Volkmann [3] .
Main results
In this section, we study to improve upper bounds on α s 2 (D) given by Volkmann [3] .
Now, from (1), (2) , (3), (4) and (5), we obtain
and
Using (6), (7), (8) and (9), we have
From (11), we get that
Now, we consider two cases.
It is easy to check that
− m 0 from (10) and (12).
, from (10)and (12).
Theorem 2.3. Let D be a digraph of order n. If n 0 is the number of vertices of odd in-degree of V (D), Then
Proof. Let f be a signed 2-independence function on D for which α s 2 (D) = f (V (D)). Let P 0 , M 0 , P e , M e , p 0 , p e , m 0 and m e be defined as in the proof of Theorem 1. From (1), (2), (3), (4) in the proof of Theorem 1, and
Using (1), (2), (3), (4) in the proof of Theorem 1, and (13), we have
From (14), (15), (16) and (17), we get
From (19), we have
Now, we consider two cases. Case1 : ∆ − is even.
Using (18) and (20),
. It follows that
Let n 0 be the number of vertices whose in-degree of V(D) is odd and m 0 the number of vertices whose in-degree is odd and assigned value is −1. Then
Proof. Let f be a signed 2-independence function on D for which α s 2 (D) = f (V (D)), and let P 0 , M 0 , P e , M e , p 0 , p e , m 0 and m e be defined as in the proof of Theorem 1. By the definition of S2IF, each vertex of M 0 has at most m in-neighbors in P and each vertex of M e has at most (m + 1) in-neighbors in P . Thus |E(P, M 0 )| ≤ m 0 m and |E(P, M e )| ≤ (m − m 0 )(m + 1). It follows that
Using (20) in the proof of Theorem 3,
Thus
Now, we get the bound as follows α s 2 (D) = n − 2m
Case2 : ∆ − is odd. 2 ) if ∆ − is odd.
